Introduction
There is a steadily growing demand for miniaturized bioanalytical devices allowing for on-site or point-of-care detection of biomolecules or pathogens in applications like diagnostics, food testing, or environmental monitoring. These, so called labs-on-a-chip or micro-total analysis systems should ideally enable convenient sample-inresult-out type operation. Therefore, the entire process from sample preparation, metering, reagent incubation, etc. to detection should be performed on a single disposable device (on-chip). Different microfluidic solutions have been developed for metering fluids, e.g. based on pressure driven flow, centrifugal forces or electrokinetics [1] . One method for fluid manipulation in such metering structures is the use of so called passive valves to retain the liquid meniscus in a microchannel by carefully balancing capillary forces [2] . In this contribution, we describe a microfluidic chip combining sample metering, dissolution/incubation with reagents stored on-chip and optical detection. This bioanalytical device for whole blood samples comprises a disposable plastic chip and TIRF (total internal reflection fluorescence) based optical detection of binding. The system was fabricated by compression molding and structuring of microfluidic channels by hot embossing of cyclic olefin polymers (COP). Separation of erythrocytes from whole blood samples was achieved by a microfluidic structure using inertial forces [3] . On-chip reagent storage was realized by incorporation of porous membranes into the incubation chamber [4] . The surface of the following optical detection zone was functionalized with capture probes (proteins, oligonucleotides) in an array format. The fluorescence of these detection arrays was imaged using a simple set-up based on a digital consumer camera. Image processing for spot detection and intensity calculation was accomplished using customized software. 
Methods
The prism chips for TIR based fluorescence excitation were fabricated from COP (Zeonor® 1060R, Zeon Chemicals) by compression molding in a stainless steel mold using a hot press. The microfluidic channels were fabricated by a combination of hot embossing and mechanical micromilling on injection molded COP slides. The whole channel system has been designed using COMSOL Multiphysics® for computational flow modelling. Hydrophobic valves were produced by fluoropolymer coating of the COP channels. The biotin-streptavidin system was used as a model bioassay to demonstrate the functionality of the microfluidic and detection system. Glass fibre conjugate pads were used for on-chip reagent storage. These membranes were inserted into the incubation chamber on the chip and loaded with Cy3 labelled streptavidin (Strept-Cy3). The surface of the prism chip forming the optical detection zone was blocked by BSA and functionalized with capture probes (biotinylated BSA) in an array format using piezoelectric non-contact microspotting (Scienion S3). Positive control spots for alignment and internal calibration were prepared by spotting Cy3 labeled BSA.
Results
The working principle of the whole microfluidic structure is as follows (Figure 1) : after a liquid sample is introduced into the chip, the first structure is the plasma separation, followed by an asymmetric T-junction for splitting the liquid flow. The branch having the larger channel guides the major part of the sample into a larger cavity used for metering and reagent storage. The channel leaving this chamber on the opposite side is equipped with a hydrophobic coating acting as passive valve in order to retain the sample within the chamber. In the second channel branch, a comparatively small liquid flow is guided to an overflow compartment. After the whole sample volume has entered the chip, air enters the overflow channel and separates the two liquid plugs at the T-junction. As soon as the liquid reaches the overflow compartment outlet covered with a hydrophobic fluoropolymer membrane, this branch of the channel system is blocked as the membranes does not allow passage of liquid. Therefore, automatically the whole pressure applied at the sample inlet port acts on the hydrophobic valve sealing the incubation chamber. Thus the liquid front can overcome the capillary forces, pass the valve and leave the incubation chamber ( Figure 1 ). The metered volume and also the time span for incubation of prestored reagents, can be exactly determined by the dimensions of channels and cavities. The sample incubated with reagents flows over the detection zone allowing binding of analytes and fluorescently labelled probes with the array of capture molecules immobilized on the polymer surface. The fluorescence of the spotted detection arrays was imaged using a simple set-up based on a digital consumer camera. The images taken by the camera were processed using the developed image analysis routine. In order to determine the limit of detection (LOD) of the optical setup, the arrays of biotinylated spots on the COP prism chip surface were incubated with Strept-Cy3 solutions of increasing concentration. The resulting mean spot intensities after 10 minutes incubation are depicted in Figure 2 . Most of the spots were already visible at a concentration of 0.5 nM after 30 minutes of incubation. At the concentration of 0.7 nM all spots could be detected after 10 minutes of incubation. A saturation behavior with increasing concentration can clearly be seen. Saturation is reached at about 7 nM Strept-Cy3.
Discussion
This paper reports on preliminary results in the development of a complete lab-on-chip platform for performing all the necessary process steps for biochemical analytics and diagnostic on a single polymer chip. It could be shown that important sample pretreatment steps such as plasma separation, metering, reagent storage and incubation, can be realized in a single microfluidic structure. Furthermore a simple and effective system for fluorescence excitation of surface captured proteins was developed, enabling the use of simple low cost detectors such as common digital consumer cameras for spatially resolved fluorescence detection. Both, the optical structures for TIRF imaging as well as the microfluidic structures were realized in thermoplastic polymer substrates (COP) and using large volume compatible fabrication technologies like hot embossing. While the platform was currently tested using a well-known model system for the biochemical assay (biotin-streptavidin) it will soon be extended to systems (e.g. immunoassays) of practical diagnostic relevance. Furthermore, work is underway to develop advanced roll-to-roll (R2R) microfabrication techniques for continuous R2R fabrication of such microfluidic structures.
